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1The LHC Project Shortly Before Operation Starts
Status of the LHC and the Experiments
Standard Model and Beyond




The LHC machine 
is installed and 
almost ready... 
3In reality today:
The LHC detectors 
are almost installed 
and ready... 
4
Simulation of a   H → μμ ee  event in ATLAS 
5In reality today:
The LHC experiments
are getting ready to
collect data by already
recording cosmic ray 
particles, eagerly awaiting 
the first LHC collisions 
next summer...  
6Physics at the LHC corresponds
to conditions around here
7Particle Physics Experiments Contribute Strongly to the 
Understanding of the Universe
Electroweak 
TransitionUnification ?
8A most basic question is why particles (and
matter) have masses (and so different masses)
The mass mystery could be solved with the ‘Higgs mechanism’
which predicts the existence of a new elementary particle, the
‘Higgs’ particle (theory 1964, P. Higgs, R. Brout and F. Englert) 
Peter Higgs
The Higgs (H) particle has been 
searched for since decades at 
accelerators, but not yet found…
The LHC will have sufficient energy 




Our known world Maybe a new world?
Establishes a symmetry between fermions (matter)
and bosons (forces):
- Each particle p with spin s has a SUSY partner p
with spin s -1/2 
- Examples q (s=1/2)  Æ q (s=0)      squark





- Solves some deep







Dark Matter in the Universe
Astronomers say






We shall look for 







The Large Hadron Collider
is a 27 km long collider ring
housed in a tunnel about 100 m 
underground near Geneva
The  LHC machine 
13
• pp         √s = 14 TeV               Ldesign = 1034 cm-2 s-1                  (after 2010)
Linitial < few x 1033 cm-2 s-1 (before)
Note:  √s is x7 Tevatron,        Ldesign is x100 Tevatron
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ATLAS and  CMS :
pp, general purpose
ATLAS and  CMS :
pp, general purpose
LHC 27 km ring (previously 









The full LHC accelerator complex
LHC ring is divided 
into 8 sectors
> 50 years of CERN 








LHC Accelerator Challenge: Dipole Magnets
LHC magnets are cooled with pressurized 
superfluid helium
Coldest Ring in the Universe ?
1.9 K  (CMBR is about 2.7 K)
Magnetic Field for Dipoles
p (TeV) = 0.3 B(T) R(km)
For p = 7 TeV and R = 4.3 km
D B = 8.4 T
D Current 12 kA
16LHC Project Leader Lyndon Evans
HE Michelle Bachelet looking at the LHC
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Not only dipoles …. Inner triplet quads assembly hall 181
Assembly of Short Straight Sections
Dipoles                             1232
Quadrupoles                      400
Sextupoles                       2464
Octupoles/decapoles      1568
Orbit correctors                 642
Others                                376
Total                              ~ 6700
All magnet elements are now installed in the tunnel
18
Descent of the last dipole magnet, 26 April 2007
30’000 km underground transports     
at a speed of 2 km/h!
19
History of the dipole magnet
construction and installation
20
The particle beams are accelerated by superconducting 
Radio-Frequency (RF) cavities
LHC at 7 TeV        LEP at 100 GeV
Synchrotron radiation loss       6.7 keV/turn          3 GeV/turn
Peak accelerating voltage        16 MV/beam          3600 MV/beam
Note: The acceleration 
is not such a big issue 
in pp colliders (unlike 
in e+e- colliders), 
because of the ~ 1/m4





Special quadrupole magnets (‘Inner Triplets’) are focussing the particle beams 
to reach highest densities (‘luminosity’) at their interaction point in the centre 





Sector 4-5 cool down
and test at 8.5 kA just
before Christmas 2007
23.10.2004, 13:39 Æ first beam at end of TI 8





TT40   





TI 2 upstream part installed and 
HW commissioned by 2005.
LHC transfer lines and injections - overview
• combined length 5.6 km
• over 700 magnets
• ca. 2/3 of SPS




Æ first beam at end of TI 2
Courtesy of V. Mertens
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12 23 34 45 56 67 78 81
Machine   Checkout 


































































































































































































































































































Interconnection of the continuous cryostat
Leak tests of the last sub-sectors
Inner Triplets repairs & interconnections





Global pressure test &Consolidation
Cool-down
Powering Tests























The LHC World of CERN
28
ALICE and LHCb
ALICE: study of quark-gluon plasma
- L3 solenoid
- Large TPC
- Si microstrip, drift and pixels detectors 
- Particle identification: RICH, TRD, TOF
- PbWO4 crystals ecal
- Single arm forward muon system
LHCb: study of CP Violation
- Dipole magnet (4 T.m)
- Particle Identification (2 RICH)
- 21 layer of Si microstrip detectors (VELO)
- Shashlik (Pb/scint) em calorimeter
- HCAL (Fe/scint), 
- MWPC muon system
29
In the following we will concentrate 
on the ATLAS and CMS experiments 
which are designed to explore the 
full discovery potential of LHC
The two smaller experiments LHCb 












The Compact Muon Solenoid (CMS) Detector
Tracking (|η|<2.5, B=4T) 
- Si pixels and strips
Calorimetry (|η|<5)
- EM : PbWO4 crystals 
- HAD: Brass/scintillator  
(central), Fe/Qfibres (fwd)
Muon Spectrometer (|η|<2.1)
- DTs, CSCs, RPCs
31CMS yoke was ready in 2003
CMS: Surface Assembly
32
Example of an Engineering Challenge:
CMS Solenoid
CMS solenoid:
Magnetic length 12.5 m
Diameter   6 m
Magnetic field 4 T
Nominal current      20 kA
Stored energy         2.7 GJ
Tested at full current in Summer 2006
33
Closing CMS for the first time (July 2006)
34
CMS Magnet Test and Cosmic Challenge in August-October 2006
Cosmics run of a  ~ full detector slice (few percent of CMS coverage) inside 4T field. 






Example of a cosmic ray 
Muon traversing the detector
35
The central, heaviest slice (2000 tons)
including the solenoid magnet lowered 
in the underground cavern in Feb. 2007
12 out of 15 slices are now installed
36
CMS Electron and 
Photon calorimeter:
~ 80 000 PbW04
crystals
End-cap on critical





The Silicon tracker (200m2) has 10 M channels
- Commissioned at operating temperature (-15°C)
- ~ 5 M cosmic rays recorded on the surface






2100  Scientific Authors total
(1650  with a PhD, for M&O share, 
means 450 PhD students)
Albany, Alberta, NIKHEF Amsterdam, Ankara, LAPP Annecy, Argonne NL, Arizona, UT Arlington, Athens, NTU Athens, Baku, 
IFAE Barcelona, Belgrade, Bergen, Berkeley LBL and UC, HU Berlin, Bern, Birmingham, Bogota, Bologna, Bonn, Boston, Brandeis, 
Bratislava/SAS Kosice, Brookhaven NL, Buenos Aires, Bucharest, Cambridge, Carleton, Casablanca/Rabat, CERN, Chinese Cluster, 
Chicago, Chile, Clermont-Ferrand, Columbia, NBI Copenhagen, Cosenza, AGH UST Cracow, IFJ PAN Cracow, DESY, Dortmund, 
TU Dresden, JINR Dubna, Duke, Frascati, Freiburg, Geneva, Genoa, Giessen, Glasgow, Göttingen, LPSC Grenoble, Technion 
Haifa, Hampton, Harvard, Heidelberg, Hiroshima, Hiroshima IT, Indiana, Innsbruck, Iowa SU, Irvine UC, Istanbul Bogazici, KEK, 
Kobe, Kyoto, Kyoto UE, Lancaster, UN La Plata, Lecce, Lisbon LIP, Liverpool, Ljubljana, QMW London, RHBNC London, 
UC London, Lund, UA Madrid, Mainz, Manchester, Mannheim, CPPM Marseille, Massachusetts, MIT, Melbourne, Michigan, 
Michigan SU, Milano, Minsk NAS, Minsk NCPHEP, Montreal, McGill Montreal, FIAN Moscow, ITEP Moscow, MEPhI Moscow, 
MSU Moscow, Munich LMU, MPI Munich, Nagasaki IAS, Nagoya, Naples, New Mexico, New York, Nijmegen,  BINP Novosibirsk, 
Ohio SU, Okayama, Oklahoma, Oklahoma SU, Oregon, LAL Orsay, Osaka, Oslo, Oxford, Paris VI and VII, Pavia, Pennsylvania, 
Pisa, Pittsburgh, CAS Prague, CU Prague, TU Prague, IHEP Protvino, Regina, Ritsumeikan, UFRJ Rio de Janeiro, Rome I, Rome II, 
Rome III, Rutherford Appleton Laboratory, DAPNIA Saclay, Santa Cruz UC, Sheffield, Shinshu, Siegen, Simon Fraser Burnaby, 
SLAC, Southern Methodist Dallas, NPI Petersburg, Stockholm, KTH Stockholm, Stony Brook, Sydney, AS Taipei, Tbilisi, Tel Aviv, 
Thessaloniki, Tokyo ICEPP, Tokyo MU, Toronto, TRIUMF, Tsukuba, Tufts, Udine/ICTP, Uppsala, Urbana UI, Valencia, 
UBC Vancouver, Victoria, Washington, Weizmann Rehovot, FH Wiener Neustadt, Wisconsin, Wuppertal, Yale, Yerevan
A joint Chilean research teams from 
Pontificia Universidad Católica de Chile and
Unversidad Técnica Federico Santa María
is full member of the ATLAS Collaboration
since October 2007
39
A particular moment, and a 
boost to setting up the new
collaboration, was the visit of
HE Mrs Michelle Bachelet Jeira
in early June 2007 
She was accompanied by Mrs Vivian
Heyl (President of CONICYT) and 
the Rectors Profs. P. Rosso (PUC)
and J. Rodriguez (USM)  
40
Diameter 25 m
Barrel toroid length 26 m
End-cap end-wall chamber span 46 m
Overall weight 7000 Tons
Integration and installation 
progress of the ATLAS detector 
ATLAS superimposed to
the 5 floors of building 40
The distributed construction 
of detector components is 
now essentially completed
41











“Gold-plated” channel for Higgs 
discovery at LHC 




Cavern at Point-1 for
the ATLAS Detector
Length = 55 m
Width = 32 m





The underground cavern was finished in June 2003
44Today the cavern is filled, and it is has 




25.3 m length 
20.1 m outer diameter 
8 coils
1.08 GJ stored energy
370 tons cold mass
830 tons weight
4 T on superconductor
56 km Al/NbTi/Cu conductor
20.5 kA nominal current
4.7 K working point
End-Cap Toroid parameters
5.0 m axial length 
10.7 m outer diameter 
2x8 coils
2x0.25 GJ stored energy
2x160 tons cold mass
2x240 tons weight
4 T on superconductor
2x13 km Al/NbTi/Cu conductor
20.5 kA nominal current




8 coils in a common cryostatNow installed in
the cavern
46
ATLAS Barrel Toroid 
construction 
Series integration and tests 
of the 8 coils at the surface 
were finished in June 2005 
BT test area
BT5 excitation tests
to 22 kA current
47
ATLAS Barrel Toroid coil transport and 




ATLAS End-cap Toroid 
installation
The transports and installations were major 
operations, involving also specialized firms
The ECTs are 250 tons, 15 m high, 5 m wide
ECT-A was lowered on 13th June, and ECT-C
on 12th July 2007
Both ECTs have been powered to 10 kA in
stand-alone tests during Nov-Dec 2007 (a
technical problem occurring during the first 


























• hermetic in phi
• good energy and
angular resolution
53
ATLAS Electromagnetic Calorimeter Modules
• Inner +Outer wheel
• 768 (256) accordion
absorbers/wheel
• 8 identical modules/wheel 
• 1.375 < η < 3.2
• 1024 accordion absorber plates
• 2x16 identical modules
• η < 1.7
54
ATLAS Electromagnetic Calorimeter Assembly








Response uniformity (goal 0.7%)
< > ~ 2.2 mm
σ ≈ 9 μm
End-cap: 1536 plates
Absorber thickness (mm)
Scans with 120-245 GeV electrons (all 7 tested modules)
Overall uniformity: ~0.54%
Thickness of Pb plates must
be uniform to 0.5% (~10 μm)
4 (out of 32) barrel modules and 3 (out of 16) end-cap 
(EMEC) modules tested with beams
56




End-cap side A in the 
extreme open position
All calorimeters are installed, and the three LAr cryostats are cold
58
Examples of monitoring the
cryogenics behaviour












~ 6m long, 1.1 m radius








1744 Pixel modules, pixels 50x400 μm2
4088 SCT modules, 80 μm micro-strips
61
Installation of the ATLAS barrel tracker
62
Installation of barrel muon chambers 
(~ 700 stations) started in December 
2005 and is now completed
63
Forward muon spectrometer 
- ‘Big Wheels’ are all installed 








N = L x σ (pp) ≈ 109 interactions/s 
Mostly soft ( low pT ) events
Interesting hard (high-pT ) events are rare
Æ very powerful detectors needed
65
Cross Sections and Production Rates
• Inelastic proton-proton 
reactions:                               109 / s
• bb pairs                               5  106 / s 
• tt   pairs                               8        / s
• W  → e ν                                 150   / s
• Z  → e e                                15   / s
• Higgs (150 GeV)                  0.2    / s
• Gluino, Squarks (1 TeV)    0.03   / s
Rates for L = 1034 cm-2 s-1:  (LHC)
LHC is a factory for: 
top-quarks, b-quarks, W, Z, ……. Higgs, ……
(The challenge: you have to detect them !)
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Reduce rate from  





Level 1 decision 
based on data 
from calorimeters








(< 10% of full 
event) with full 
granularity from 
all detectors
Event Filter has 
access to full 


































































































































Event data pushed @ ≤ 100 kHz, 
























@ ≤ 100 kHz, 
full events 
@ ~ 3 kHz
Event rate 
















Example of LAr calorimeter read-out electronics
Example of Level-1 Trigger electronics
In total about 300 racks 




ATLAS Control Room (ACR)
The control room is operational and used 
during the cosmic ray commissioning runs, 
integrating gradually more and more detector 
components
70
Visualization of a cosmic ray event in ATLAS
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Worldwide LHC Computing Grid (WLCG)
WLCG is a worldwide 
collaborative effort on 
an unprecedented scale 
in terms of storage and 
CPU requirements, as 
well as the software 
project’s size
GRID computing developed 
to solve problem of data storage 
and analysis
LHC data volume per year: 
10-15 Petabytes
One CD has ~ 600 Megabytes 
1 Petabyte = 109 MB = 1015 Byte































Worldwide LHC Computing Grid
LCG/EGEE/OSG e-Science Grid is 
in production:
• World-wide Coverage
• Over 200 sites
• > 20’000 CPUs
• Multi-petabyte storage
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Export monitoring of ATLAS cosmic ray data taken during a
combined commissioning running week (‘from detector to offline’)  
Total throughput (MB/s)
Aug 23 – Sep 8
Data transferred (GB)
Aug 23 – Sep 8 
Completed file transfers
Aug 23 – Sep 8 
Data exported to
all 10 ATLAS Tier-1s 
and several Tier-2s
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The LHC machine and the 
experiments are almost ready 
for action!
76
Examples of physics discoveries 










~ 4200 (800) J/ψ (Y) → μμ events per
day at L = 1031
→ Muon Spectrometer alignment, ECAL uniformity,
energy/momentum scale of full detector,
lepton trigger and reconstruction efficiency, …
The first peaks … reproduce known physics to proof that 
the detector works well
After all cuts:
~ 160 Z → μμ evts per day at  L = 1031





LHC discoveries vs time: we can dream !
L=1035
The decade to come will be exciting for fundamental physics and
will shape our understanding of Nature; it is a great privilege to be 
part of this exploratory adventure  
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Many thanks to all colleagues from whom I have taken
material (either full slides or parts of…), in particular
John Ellis
Lyndon Evans
Fabiola Gianotti
Karl Jakobs
Karlheinz Meier
Marzio Nessi
Daniel Tovey
Tejinder Virdee
and others…
